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Introduction: To evaluate effect of diabetic retinopathy and panretinal photocoagulation on retrobulbar blood flow to-
gether with systemic factors.
Methods: 62 Type 2 diabetic patients who either received or did net receive panretinal photocoagulation for variable stages 
of retinopathy and 15 control patients were enrolled in our study. BUN, creatinine and HbA1c levels for each subject have 
been determined. The ophthalmic artery and central retinal artery peak systolic velocity and end-diastolic velocity values 
were measured with color Doppler ultrasonography and resistivity indices were calculated.
Results: In diabetic group, lower blood flow velocities and higher resistivity indices were found in ophthalmic artery. There 
were no significant differences between the laser photocoagulation group and the preproliferative-proliferative retinopathy 
group as regards to blood flow velocities. BUN and creatinine levels increased with the stage of retinopathy. HbA1c levels 
were especially low in no retinopathy group with respect to others but there was no direct relation with the blood flow 
velocities.
Discussion and Conclusion: In diabetic patients retrobulbar blood flow velocities seems to decrease with the progression 
of retinopathy. Panretinal photocoagulation has no significant effect on these parameters. HbA1c levels seem to be related 
to stage of retinopathy.
Keywords: Color Doppler ultrasonography; diabetic retinopathy; retrobulbar blood flow.

Ocular blood flow is affected in diabetes in many ways, 
but the role of hemodynamics cannot be defined 

precisely. Color flow doppler ultrasonography (CD-USG), 
on the other hand, has attracted attention as a frequently 
used technique to examine retinal blood flow in recent 

years. In our study, we used CD-USG to detect flow changes 
in retrobulbar blood vessels in different stages of diabetic 
retinopathy. We also investigated the effects of pan-retinal 
photocoagulation (PRP), systemic factors and glycemic 
control on these parameters.
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Materials and Methods 
Peak systolic velocity (PSV) and resistivity index (RI) were 
measured in the ophthalmic artery (OA) and central retinal 
artery (CRA) by CD-USG in 62 eyes of 62 Type 2 diabetic pa-
tients who were being followed up in the Ophthalmology 
Clinic of our hospital. The results were compared with the 
control group consisting of 15 subjects. For all procedures, 
patients were informed with the permission of the hospital 
management and their written consent was obtained.

In all cases, routine ophthalmological examinations includ-
ing detailed fundus examination was performed, fasting 
blood glucose, blood urea nitrogen, creatinine and hemo-
globin A1c (HbA1c) values were measured, and arterial 
blood pressure measurements were made. The right eyes 
of all cases, and if there was a stage difference between the 
two eyes, tthe eye with advanced involvement were eval-
uated.

Those who had a previous eye operation, history of glau-
coma, ocular inflammatory disease or non-diabetic vascu-
lar disease were not included in the study. Group 1 con-
sisted of 20 patients with Type 2 diabetes mellitus (DM) 
with normal posterior segment findings; Group 2 consisted 
of 15 patients with mild non-proliferative retinopathy with 
macular edema, hard and soft exudate, hemorrhage, and 
microaneurysms; Group 3 consisted of 16 cases in moder-
ate and severe non-proliferative and proliferative stages 
with venous beading, intraretinal microvascular abnormal-
ities and neovascularizations; and Group 4 consisted of 11 
cases whose PRP was completed at least 3 months ago due 
to the proliferative stage. Laser treatment parameters were 
selected as 1400–2000 spots, 300–400 μm width, 250–700 
mW energy level, and 0.1 s duration. Fifteen cases with no 
history of DM and normal anterior and posterior segment 
findings constituted the control group (Group 5).

Five patients in Group 1, 4 patients in Group 2, 4 patients 
in Group 3, 3 patients in Group 4, and 4 patients in Group 
5 were under medication for hypertension. Those with pre-
measurement systolic blood pressure above 150 mmHg 
were not included in the study. CD-USG examination was 

performed by the same radiologist in all cases. Toshiba 
Power Vision 7000 SSA-380A CD-USG device was used in 
examinations. All analyzes were performed with a multifre-
quency (5-7.5-10 MHz) linear transducer. During the exam-
ination, the patients were placed in the supine position. All 
cases were informed about the study to be performed and 
their consents were obtained.

Statistical Package for Social Sciences for Windows 10.0 
program was used for statistical analysis. In addition to de-
scriptive statistical methods (Mean, Standard deviation), 
One-way analysis of variance and Tukey HSD Test were 
used to compare the normally distributed parameters of 
quantitative data, and Kruskal-Wallis test and Mann Whit-
ney U test were used to compare our parameters that did 
not show normal distribution. Pearson’s correlation coeffi-
cient was used to determine the relationships between pa-
rameters. Chi-squared test was used to compare qualitative 
data. The results were evaluated at the 95% confidence in-
terval, with the significance level of p<0.05. 

Results
Although the mean age of the control group was higher 
than the other groups, the age distributions did not differ 
significantly within the groups (p>0.05). There was a statis-
tically significant difference between the groups according 
to the genders (p<0.05). The female ratio of Group 1 was 
found to be significantly higher than the other groups.

HbA1c levels differ significantly between study groups 
(p<0.01). The HbA1c level of Group 1 was found to be sig-
nificantly lower than Group 2 (p<0.01), lower than Group 3 
(p<0.05), and low compared to Group 4 (p<0.01).

PSV of CRA showed statistically significant differences be-
tween groups (p<0.05). CRA PSV of Group 5 was found to 
be significantly higher than Group 2 and Group 3 levels 
(p<0.05). While the CRA PSV level of Group 4 did not dif-
fer significantly compared to Group III (p>0.01), it also did 
not differ significantly with Group 1 and Group 5’s levels 
(p>0.05). RI of CRA did not differ significantly between 
groups (p>0.05) (Table 1).

Table 1. Distribution of CRA PSV and RI levels by groups

CRA   Groups   p

  Group I (n=20) Group II (n=15) Group III (n=14) Group IV (n=7) Group V (n=15) 

PSV R 11.57±3.15 10.30±3.05 10.45±3.21 11.25±3.34 12.04±3.29 0.043*
RI R 0.67±0.06 0.64±0.08 0.66±0.09 0.68±0.08 0.64±0.05 0.610

*p<0.05 significant; PSV: Peak systolic velocity; RI: Resistivity index; OA: Ophthalmic artery; CRA: Central retinal artery.
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OA PSV levels did not show a statistically significant dif-
ference between groups (p>0.05). However, OA RI levels 
showed significant differences between groups (p<0.01). 
OA RI of Group 1 was found to be significantly lower than 
Group 3 and Group 4 values (p<0.05). While the OA RI level 
of Group 2 was significantly higher than Group 5 (p<0.01), 
it did not differ significantly from Group 3 and Group 4 
(p>0.05). While the OA RI levels of Group 3 were signifi-
cantly different from Group 5 (p<0.01), there was no signifi-
cant difference with Group 4 (p>0.05). OA RI value of Group 
4 was significantly higher than Group 5 (p<0.01) (Table 2). 
It was observed that PSV and RI values of OA and CRA did 
not show a significant correlation with the HbA1c level 
(p>0.05). It was observed that the PSV and RI values of CRA 
did not show a significant correlation with the duration 
of diabetes (p>0.05). In OA, while PSV level did not show 
a significant correlation with diabetes duration (p>0.05), a 
positive and statistically significant correlation was found 
with RI (p<0.05).

Discussion
In previous studies, different methods were used to mea-
sure blood flow parameters in diabetic patients. Rimmer 
et al.[1] measured the foveal capillary circulation with the 
blue-light entoptic phenomenon; Grunwald et al.[2] used 
laser Doppler velocimetry to measure the velocity of ery-
throcytes in retinal vessels; and Konno et al.[3] measured 
blood flow in temporal retinal artery in diabetic patients 
using laser Doppler technique and monochromatic pho-
tography. In addition, two-point fluorophotometry,[4-6] 
photoangiography,[7] video fluorescein angiography[8] 
were used to evaluate retinal blood flow.

We used CD-USG, which is a relatively new technique, in 
our study. Today, CD-USG is accepted as a non-invasive, 
medication-free, reproducible, and rapid technique that 
provides the opportunity to evaluate the hemodynamic 
changes of retrobulbar vascular structures in real-time, 
under physiological conditions, and provides two-dimen-
sional evaluation.[9] In measurements, it is superior to laser 
Doppler velocimetry and blue-light entoptic phenome-

non, as it is not affected by factors such as visual acuity and 
media blur.

It is important to note that CD-USG measures blood flow 
velocities, not the amount of blood flow because it is im-
possible to accurately determine the diameter of orbital 
vessels in vivo with any technique. It has been reported in 
studies that RI is the hemodynamic parameter that is least 
affected by systemic and technical factors, and RI values 
are the most appropriate measurement for low-resistance 
vessels of the eye, which are minimally affected by errors in 
the interpretation of different studies.[10] In our study, we 
evaluated RI values together with PSV.

In the studies performed, no difference was observed be-
tween the right and left eyes in terms of Doppler values. In 
their study, Tamaki et al.[11] found no difference between 
the Doppler indices of the right and left eyes, while they 
found the mean ratios of the Vmax, Vmin, and RI values of 
the right and left eyes to be 1.03, 0.99 and 1.02, respec-
tively. In our study, we evaluated one eye of all cases in or-
der to avoid statistical errors. In general, the right eye was 
chosen, but in cases with a stage difference between both 
eyes (n=3), the eye with advanced stage was chosen.

In our study, especially in Group 1, there was a higher rate 
of females compared to other groups. Studies have found 
that gender does not affect CD-USG parameters.

Since one-third of the diabetic population is hypertensive, 
hypertensive patients were also included in the study. 
There was no significant difference between the groups in 
terms of blood pressure. Arterial blood pressure measure-
ments of all patients were performed just before CD-USG 
examination. Those with systolic blood pressure above 150 
mmHg and diastolic blood pressure above 90 mmHg were 
excluded from the study. Eight patients in Group 1, four 
patients in Group 2, six patients in Group 3, three patients 
in Group 4, and six patients in the control group were us-
ing different types of antihypertensives with a diagnosis of 
hypertension (Angiotensin-converting enzyme inhibitors, 
calcium channel blockers, and beta-blockers). Since these 
drugs are effective on vascular tone, they should be taken 

Table 2. Distribution of CRA PSV and RI levels by groups

OA   Groups   p

  Group I (n=20) Group II (n=15) Group III (n=14) Group IV (n=8) Group V (n=15) 

PSV R 36.82±9.30 42.76±19.84 34.10±11.76 41.85±22.50 34.76±9.53 0.397
RI R 0.74±0.06 0.79±0.06 0.80±2.65 0.81±0.04 0.68±0.06 0.001**

**p<0.01 highly significant; PSV: Peak systolic velocity; RI: Resistivity index; OA: Ophthalmic artery; CRA: Central retinal artery.
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into consideration when evaluating the results of our study.

The importance of glycemic control in the pathogenesis 
and progression of diabetic retinopathy is well known. 
Güven et al.[12] did not find a significant relationship be-
tween HbA1c and retinopathy stage in their examination 
of 73 eyes of 37 diabetic patients. There are findings in 
this direction in the literature.[13] In our study, we took the 
HbA1c values of the patients as a sign of glycemic control. 
In our evaluation, a significant difference was found be-
tween the groups in terms of HbA1c levels, and it was ob-
served that HbA1c was significantly lower especially in the 
group without retinopathy than the other groups. It was 
observed that HbA1c values did not show a significant cor-
relation with the PSV and RI values of OA and CRA.

Mac Kinnon et al.[14] found significantly higher RI in 
retinopathy groups at all stages compared to the control 
group in their study. This result was attributed to a statisti-
cally insignificant increase in PSV and a statistically insignif-
icant decrease in end-diastolic velocity (EDV). Baştürk et 
al.[15] in their study with diabetic patients with microalbu-
minuria found that RI values increased significantly in the 
group with retinopathy, and they argued that RI value is an 
index that can be used in the follow-up of patients with di-
abetic retinopathy. Meng et al.[16] supported these findings 
in a recent meta-analysis they published.

According to our results, OA RI values were higher in the 
diabetic group than in the control group. There was a sig-
nificant difference between the groups. OA RI values in-
crease as the retinopathy stage progresses. There was no 
significant difference between Group 3 and Group 4. OA RI 
values also showed a significant positive correlation with 
the duration of diabetes. There was no significant differ-
ence between OA PSV values. A statistically significant dif-
ference was found between the CRA PSV values compared 
between the groups. Although CRA PSV values were sig-
nificantly higher in the control group than in the diabetic 
group, a statistically insignificant high value was found in 
the PRP group compared to the non-applied group. Men-
divil and Cuartero,[17] in their study, found a decrease in OA 
PSV values in the group that underwent PRP, compared to 
the group that did not.

Natori et al.[18] showed in their study that an increase in RI 
may be associated with an increase in peripheral vascular 
resistance, a decrease in systemic blood pressure, or a de-
crease in vessel diameter. Since there was no difference in 
systemic blood pressure between the groups in our study, 
the increase in OA RIs can be explained by increased pe-
ripheral vascular resistance or narrowing of the vessel 

diameter. Histopathological changes such as choroidal 
occlusion, basement membrane thickening, and capillary 
narrowing[19-22] seen in the choroid in diabetic patients 
explain the increase in peripheral vascular resistance. In 
addition, Garner et al.[23] found significant atheromatous 
stenosis in the OA in patients with diabetic retinopathy.

CRA PSV values were higher in the control group than in 
the diabetic group. According to Poiseulle’s law, vessel di-
ameter affects blood flow velocity. The decrease in CRA PSV 
values can be explained by increased peripheral vascular 
resistance or narrowing of the vessel lumen.

There was no difference in CRA PSV values in the PRP ap-
plied group compared to the non-applied group. Mendivil 
and Cuartero,[17] in their study, found a decrease in OA PSV 
values in patients who underwent PRP compared to the 
group with proliferative disease, that PRP was not applied. 
This result is explained in the article by increased retinal 
oxygenation. A decrease in ocular pulsation amplitudes 
was also detected after laser treatment,[24] which was also 
associated with the decrease in choroidal blood flow. In our 
study, however, no effect of photocoagulation on blood 
flow was observed.

There are few studies investigating the effect of anti-vas-
cular endothelial growth factor agents, which have been 
widely used in the treatment of diabetic macular edema in 
recent years, on retrobulbar hemodynamics.[25-27] In the 
study conducted by Örnek et al.,[25] CD-USG showed a de-
crease in PSV and EDV values in CRA and nasal and temporal 
posterior ciliary arteries (TPCA) and a decrease in RI values 
in TPCA in the early post-injection period of ranibizumab.

In their study, Dimitrova et al.[28] found lower blood flow ve-
locities in the posterior ciliary arteries in patients with base-
line diabetic retinopathy compared to the control group, 
and they attributed these significant differences in the early 
stages to the upright posture given to the patients during 
CD-USG examination. In our study, the examinations were 
performed in the supine posture. This factor should also be 
taken into account when evaluating our results.

Conclusion
CD-USG is a non-invasive method that may be useful in 
identifying patients with a progressive course in diseases 
that may affect retrobulbar hemodynamics, such as dia-
betic retinopathy, and in which early treatment should be 
considered.

Peer-review: Externally peer-reviewed.

Authorship Contributions: Concept: T.Ş.; Design: S.A., Z.A.; Data 



58 Acar et al., The Effects of Diabetic Retinopathy and Panretinal Photocoagulation on Retrobulbar Blood Flow / doi: 10.14744/hnhj.2019.59354

Collection or Processing: Z.A., T.K.; Analysis or Interpretation: Z.A.; 
Literature Search: Z.A.; Writing: Z.A.

Conflict of Interest: None declared.
Financial Disclosure: The authors declared that this study re-
ceived no financial support.

References
1. Rimmer T, Fallon TJ, Kohner EM. Long-term follow-up of retinal 

blood flow in diabetes using the blue light entoptic phenom-
enon. Br J Ophthalmol 1989;73:1–5. [CrossRef ]

2. Grunwald JE, Riva CE, Sinclair SH, Brucker AJ, Petrig BL. Laser 
Doppler velocimetry study of retinal circulation in diabetes 
mellitus. Arch Ophthalmol 1986;104:991–6. [CrossRef ]

3. Konno S, Feke GT, Yoshida A, Fujio N, Goger DG, Buzney SM. Reti-
nal blood flow changes in type I diabetes. A long-term follow-up 
study. Invest Ophthalmol Vis Sci 1996;37:1140–8. [CrossRef]

4. Cunha-Vaz JG, Fonseca JR, de Abreu JR, Lima JJ. Studies on 
retinal blood flow. II. Diabetic retinopathy. Arch Ophthalmol 
1978;96:809–11. [CrossRef ]

5. Oswald B, Vilser W, Oswald H, Jütte A, Königsdörffer E, Sch-
weitzer D. Messung strömungsphysiologischer Grössen der 
Netzhautzirkulation bei Diabetikern Typ 1 und 2 [Measure-
ment of flow physiology of the large vessels in retinal circu-
lation in type 1 and type 2 diabetics]. Graefes Arch Clin Exp 
Ophthalmol 1983;220:42–6. [Article in German] [CrossRef ]

6. Yoshida A, Feke GT, Morales-Stoppello J, Collas GD, Goger DG, 
McMeel JW. Retinal blood flow alterations during progression of 
diabetic retinopathy. Arch Ophthalmol 1983;101:225–7. [CrossRef]

7. Koerner F, Fries K, Niesel P, Dubied P. Zur Interpretation der 
retinalen Kreislaufzeiten bei der diabetischen Retinopathie 
vor und nach Photokoagulation [Retinal circulation time in 
diabetic retinopathy treated with photocoagulation (author's 
transl)]. Klin Monbl Augenheilkd 1978;172:440–4. [Article in 
German]

8. Sinclair SH, Grunwald JE, Riva CE, Braunstein SN, Nichols CW, 
Schwartz SS. Retinal vascular autoregulation in diabetes mel-
litus. Ophthalmology 1982;89:748–50. [CrossRef ]

9. Mohammadi A, Khorasani N, Moloudi F, Ghasemi-Rad M. Eval-
uation of retrobulbar blood flow in patients with age-related 
cataract; Color Doppler ultrasonographic findings. Clin Oph-
thalmol 2011;5:1521–4. [CrossRef ]

10.  Rankin SJ, Walman BE, Buckley AR, Drance SM. Color Doppler 
imaging and spectral analysis of the optic nerve vasculature 
in glaucoma. Am J Ophthalmol 1995;119:685–93. [CrossRef ]

11. Tamaki Y, Nagahara M, Yamashita H, Kikuchi M. Blood veloc-
ity in the ophthalmic artery determined by color Doppler 
imaging in normal subjects and diabetics. Jpn J Ophthalmol 
1993;37:385–92.

12. Güven D, Ozdemir H, Hasanreisoglu B. Hemodynam-
ic alterations in diabetic retinopathy. Ophthalmology 
1996;103:1245–9. [CrossRef ]

13. Ino-ue M, Azumi A, Yamamoto M. Ophthalmic artery blood 

flow velocity changes in diabetic patients as a manifestation of 
macroangiopathy. Acta Ophthalmol Scand 2000;78:173–6. 

14. MacKinnon JR, McKillop G, O'Brien C, Swa K, Butt Z, Nelson P. 
Colour doppler imaging of the ocular circulation in diabetic 
retinopathy. Acta Ophthalmol Scand 2000;78:386–9. [CrossRef ]

15. Basturk T, Albayrak R, Ulas T, Akcay M, Unsal A, Toksoy M, et 
al. Evaluation of resistive index by color doppler imaging of 
orbital arteries in type II diabetes mellitus patients with micro-
albuminuria. Ren Fail 2012;34:708–12. [CrossRef ]

16. Meng N, Liu J, Zhang Y, Ma J, Li H, Qu Y. Color doppler imag-
ing analysis of retrobulbar blood flow velocities in diabetic 
patients without or with retinopathy: A meta-analysis. J Ultra-
sound Med 2014;33:1381–9. [CrossRef ]

17. Mendivil A, Cuartero V. Ocular blood flow velocities in patients 
with proliferative diabetic retinopathy after scatter photocoag-
ulation. Two years of follow-up. Retina 1996;16:222–7. [CrossRef]

18. Natori M, Ohya S, Yoshida J, Sakaida M, Tanaka M, Kono H. et 
al. Factors influencing umbilical artery velocity waveform. 
Computer simulation of mathematical model. Jpn J Med Ul-
trason 1991;18:67–75.

19. Hidayat AA, Fine BS. Diabetic choroidopathy. Light and elec-
tron microscopic observations of seven cases. Ophthalmolo-
gy 1985;92:512–22. [CrossRef ]

20. Takebayashi S, Ogata J, Jimi S. Clinical choroidal thrombosis, 
hypertension, and diabetes mellitus: An electron microscopic 
study. Hum Pathol 1988;19:99–106. [CrossRef ]

21. Thompson RS, Trudinger BJ. Doppler waveform pulsatility in-
dex and resistance, pressure and flow in the umbilical placen-
tal circulation: An investigation using a mathematical model. 
Ultrasound Med Biol 1990;16:449–58. [CrossRef ]

22. Yanoff M. Ocular pathology of diabetes mellitus. Am J Oph-
thalmol 1969;67:21–38. [CrossRef ]

23. Garner A, Ashton N. Ophthalmic artery stenosis and diabetic 
retinopathy. Trans Ophthalmol Soc U K 1972;92:101–10.

24. Hessemer V, Schmidt KG. Influence of panretinal photo-
coagulation on the ocular pulse curve. Am J Ophthalmol 
1997;123:748–52. [CrossRef ]

25. Örnek N, Inal M, Erbahceci IE, Oğurel T, Örnek K. Effect of in-
travitreal bevacizumab on retrobulbar blood flow of patients 
with diabetic macular edema. Eur J Ophthalmol 2015;25:539–
45. [CrossRef ]

26. Shahin M, Gad MA, Hamza W. Impact of intravitreal triamcin-
olone acetonide versus intravitreal bevacizumab on retrobul-
bar hemodynamic in patients with diabetic macular edema. 
Cutan Ocul Toxicol 2014;33:49–53. [CrossRef ]

27. Okamoto M, Yamashita M, Ogata N. Effects of intravitreal in-
jection of ranibizumab on choroidal structure and blood flow 
in eyes with diabetic macular edema. Graefes Arch Clin Exp 
Ophthalmol 2018;256:885–92. [CrossRef ]

28. Dimitrova G, Kato S, Tamaki Y, Yamashita H, Nagahara M, 
Sakurai M, et al. Choroidal circulation in diabetic patients. Eye 
(Lond) 2001;15:602–7. [CrossRef ]

https://doi.org/10.1136/bjo.73.1.1
https://doi.org/10.1001/archopht.1986.01050190049038
https://doi.org/10.1016/S0002-9394(14)72041-0
https://doi.org/10.1001/archopht.1978.03910050415001
https://doi.org/10.1007/BF02307015
https://doi.org/10.1001/archopht.1983.01040010227008
https://doi.org/10.1016/S0161-6420(82)34720-X
https://doi.org/10.2147/OPTH.S25759
https://doi.org/10.1016/S0002-9394(14)72771-0
https://doi.org/10.1016/S0161-6420(96)30514-9
https://doi.org/10.1034/j.1600-0420.2000.078002173.x
https://doi.org/10.1034/j.1600-0420.2000.078004386.x
https://doi.org/10.3109/0886022X.2012.672266
https://doi.org/10.7863/ultra.33.8.1381
https://doi.org/10.1097/00006982-199616030-00007
https://doi.org/10.1016/S0161-6420(85)34013-7
https://doi.org/10.1016/S0046-8177(88)80324-1
https://doi.org/10.1016/0301-5629(90)90167-B
https://doi.org/10.1016/0002-9394(69)90004-X
https://doi.org/10.1016/S0002-9394(14)71121-3
https://doi.org/10.5301/ejo.5000617
https://doi.org/10.3109/15569527.2013.796478
https://doi.org/10.1007/s00417-018-3939-3
https://doi.org/10.1038/eye.2001.193



